Introduction
aging population and shortage of public transportation. In addition, the annual income of residents in Aomori Prefecture is lower than that of a countrywide average, 2,405,000 yen vs. 3,057,000 yen (System of National Accounts).
Aomori Prefecture consists of 40 municipal governments, and these regions have varied economic conditions (Supplement and supporting data). It is presumed that this inequality of economic conditions might be associated with cancer incidence and mortality. Therefore, the aims of this study were to examine the relationships of the incidence and mortality rates of common cancers (stomach, colorectal, liver, lung, breast, cervical, and prostate) in Japan with the income levels of the 40 municipalities in Aomori Prefecture and clarify the factors contributing to the high mortality rates in the prefecture.
Materials and Methods

Patients
We included data on all patients diagnosed with stomach, colorectal, liver, lung, breast, cervical, or prostate cancer in the Aomori cancer registry database between 2010 and 2012, and the patients were followed up until December 2013. Death certificate only (DCO) cases were excluded. The percentage of DCO cases (%DCO) is one of the quality indicators of cancer registry data, and the %DCO values of the Aomori cancer registry for 2010, 2011, and 2012 were 5.1%, 2.6%, and 2.0%, respectively.
Data collection
We obtained the following clinical and demographic information via data extraction: sex, age at diagnosis, date of diagnosis, survival duration, primary tumor site (International Classification of Disease for Oncology, Third Edition; site code C16, C18-C20, C22, C33-C34, C50, C53, C61), stage at diagnosis, treatment administered (surgery, endoscopy, radiotherapy, chemotherapy, endocrine therapy, and other treatment), and address code. Stage at diagnosis was classified as in situ, localized (confined to the organ of origin), regional (invasion of adjacent organs or tissues and/or regional lymph node metastasis), distant (the presence of any distant metastasis), or unknown according to the Surveillance, Epidemiology, and End Results summary stage at diagnosis (Young et al., 2001) . Income data for the 40 municipalities in 2010 were obtained from the Aomori Prefectural Government homepage (Municipal inhabitant's accounts statistics in Aomori prefecture), and income was classified into four groups by quartile as follows: lowest, mid-low, midhigh, and highest (Supplement and supporting data). The population of the municipalities in 2011-2012 was calculated using the interpolation method based on the population data of the National Census of Japan in 2010 and 2015 (National Census of Japan).
Statistical analysis
Age-standardized incidence rates (AIRs) were calculated using the direct method based on the Japanese standard population. The incidence rate ratios (IRRs) were calculated using the lowest income area as the reference. The risk of cancer mortality related to economic disparities was determined via multivariable Cox regression analysis and adjusted for age, sex, and stage at diagnosis in the multivariable model. Hazard ratios (HRs) were calculated using Stata 13 statistical software (StataCorp LLP, College Station, TX, USA).
Results
We identified 21,858 eligible patients, but the data for 618 patients were excluded for the following reasons: DCO, 616 cases; unknown address, 1 case; and unknown sex, 1 case. Table 1 presents the characteristics of patients with various cancer. The proportions of patients with stomach or colorectal cancer who were diagnosed at early and late stages were similar among the income groups, although treatment was not equitable among the groups. The proportions of patients with stomach or colorectal cancer who were treated with surgery, radiotherapy, and chemotherapy were higher in higher-income areas than in lower-income areas. However, the proportion of patients with stomach cancer who were treated with endoscopic therapy was highest in the lowest income area. A higher proportion of patients with liver cancer received chemotherapy in higher-income areas than in lower-income areas. The proportion of patients who received other treatments (percutaneous ethanol injection therapy, radiofrequency ablation, and hepatic transcatheter arterial chemoembolization) was higher in higher-income areas than in lower-income areas. No significant differences in stage at diagnosis according to income were noted among patients with lung cancer. However, the proportion of patients with lung cancer who were treated with chemotherapy increased with increasing income. Meanwhile, the proportion of patients with breast cancer who were diagnosed at an early stage (in situ or localized) was higher in higher-income areas than in lower-income areas. Additionally, the proportions of patients with breast cancer who were treated with radiotherapy and endocrine therapy were highest in the highest income area. Among patients with cervical cancer, the proportion of patients who were diagnosed at an early stage (in situ or localized) was lowest in the lowest income area, and the proportion of patients treated with surgery was higher in higherincome areas than in lower-income areas. Conversely, the proportion of patients treated with chemotherapy was lower in lower-income areas. Among patients with prostate cancer, patients in the highest income group were most likely to be diagnosed at an early stage (localized). Additionally, the proportion of patients who received radiotherapy was higher in higher-income areas than in lower-income areas. Table 2 shows the AIRs and IRRs by income and cancer type. Figure 1 shows scatter plot between AIRs and residential income. There were no differences in AIRs and IRRs among patients with stomach, colorectal, or lung cancer according to income. Contrarily, AIRs and IRRs were higher in higher-income areas than in lower-income areas among patients with breast, cervical, (Ott et al., 2011) . Moreover, they said that the AIRs and mortality rates of infection-related cancers (stomach, liver, and cervical cancers) were higher in low-and middle-income than in high-income countries (Ott et al., 2011) . This can be explained by the fact that infection-related cancers account for more than 26% of or prostate cancer. the total cancers in low-and middle-income countries (Parkin et al., 2006) . Conversely, the incidence rate of non-infection-related cancers has continued to increase in many countries including high-, middle-, and lowincome countries (Global Burden of Disease Cancer Collaboration, et al., 2015) . This unfavorable increase reflects an increased prevalence of known risk factors (e.g., obesity, physical inactivity, smoking) and the increased use of screening modalities (e.g., mammography, pap smear). Although mammography is the most effective method for detecting breast cancer at an early stage, it also leads to overdiagnosis of the disease (Marmot et al., 2013) . A recent study that estimated that the rate of overdiagnosis due to mammography ranged 0%-54% (Puliti et al., 2011) . By contrast, cancer-related mortality is affected by patients' access to cancer treatment. Because cancer treatment is not adequately accessible in low-income countries, cancer-related mortality rates have not declined in these countries (Fidler et al., 2017) . Our data identified disparities of AIRs for breast, cervical, and prostate cancers according to income, whereas those of stomach, colorectal, lung, and liver cancers were not influenced by income. However, the adjusted HRs were not significantly different according to income. Recent study investigated socioeconomic inequality in cancer mortality in South Korea (Khang et al., 2016) . In this study, poor people had higher risk of cancer death. Although South Korea is similar to Japan, our results differed from previous study. These findings can be explained by several factors. First, the prevalence of risk factors for cervical, breast, and prostate cancers was higher in high-income areas than in middle-and low-income areas. Risk factors for these cancers include HPV infection, alcohol consumption habit, obesity, and aging (Key et al., 2002) . In Aomori Prefecture, the average BMI among women was 23.2 in 2012, compared with a countrywide average of 22.5 (National Health and Nutrition Survey in 2012). In addition, 30.1% of people in Aomori Prefecture are older than 65, compared with 26.6% for the entire country (National Census of Japan). This higher proportion of elderly people might explain the findings in the prefecture. Second, because there were no significant differences in adjusted HRs according to age, overdiagnosis due to easy access to hospitals would increase the incidence rates and overtreatment for patients with breast, cervical, and prostate cancers simultaneously in higher-income areas. Several studies have underlined the problems of overdiagnosis and overtreatment (Nagler et al., 2017; Morgan et al., 2017; Jegerlehner et al., 2017) . The Norwegian Breast Cancer Screening Program was conducted in 1995 and 1996 (Falk et al., 2013) . This study reported the frequency of overdiagnosis among a cohort of women over a period of 10 years after they participated in cancer screening. Falk et al. estimated the number of women overdiagnosed in mammographic screening using English, Welsh, and Norwegian data (Falk et al., 2016) . Moreover, Kilpeläinen et al., (2016) reported the association of prostate cancer with socioeconomic status in Finland. Their study found that higher socioeconomic status was associated with the overdiagnosis of low-risk Table 3 . Adjusted Hazard Ratios (HRs) for Various Cancers prostate cancer, as well as a lower risk of incurable prostate cancer and lower prostate cancer-related mortality. Unnecessary treatment, higher treatment costs, and otiose anxiety might be burdensome to patients. Third, it was suspected that accessibility to cancer treatment was not significantly affected by residential income. Dreyer et al., (2017) reported socioeconomic disparities in the receipt of treatment for incident breast cancer. They observed that poor and near-poor women were less likely to receive treatment than women of a higher socioeconomic status. Kumachev et al., (2016) studied the associations among socioeconomic status, screening, and treatments. In this study, they demonstrated that higher socioeconomic status was associated with greater frequencies of screening and treatments and higher survival rates. Therefore, our results partially coincided with these previous findings. However, age standardized mortality rates for cancer in Aomori Prefecture are the highest in Japan. Thus, the quality of cancer treatment might not be sufficient to decrease the number of cancer-related deaths in this region.
Our study had several limitations. First, the income data do not exactly reflect patients' individual income. Our data reflected the average annual income in municipal areas. However, residential income might not reflect access to health and medical services for cancer because local governments have a responsibility to formulate cancer policy and ensure cancer control. Second, we did not include data for cancer risk factors at the individual level. Third, we did not include patients' individual educational levels and occupations. These socioeconomic factors have been examined to explain the disparities regarding cancer incidence and death. Because this study was designed to clarify the effect of income disparities on cancer, we did not include these data.
In conclusion, the relationships of mean residential income with cancer incidence and mortality differed from previous findings. Patients with higher income were diagnosed with early-stage disease more frequently, and they had higher AIRs for breast, cervical, and prostate cancers than those with middle and low incomes. However, there were no significant differences in cancer survival rates. Our results might be helpful for policymakers to develop a cancer policy. Policymakers should take steps HPV infection control and stopping excess prostatic specific antigen test in higher income area. Although the associations of socioeconomic status with cancer incidence and mortality have been reported for developed countries, socioeconomic disparities exist among individual areas in the countries. The differences in cancer mortality rates between affluent and poor individuals have reportedly widened in high-income countries. Thus, inequalities of cancer mortality rates between affluent and poor areas should be also investigated.
